CONTINUOUS NEAT POLYMERIZATION AND AMBIENT GRINDING 
METHODS OF POLYOLEFIN DRAG REDUCING AGENTS 

Field of the Invention 
[0001] The invention relates to processes for producing polymeric drag reducing 
agents, and most particularly to processes for continuously producing polymeric 
drag reducing agents in a finely divided particulate form at high conversions. 

Background of the Invention 

[0002] The.use of polyalpha-olefins or copolymers thereof to reduce. the drag of a 
hydrocarbon flowing through a conduit, and hence the energy requirements for 
such fluid hydrocarbon transportation, is well known. These drag reducing agents 
or DRAs have taken various forms in the past, including slurries or dispersions of 
ground polymers to form free-flowing and pumpable mixtures in liquid media. A 
problem generally experienced with simply grinding the polyalpha-olefins (PAOs) is 
that the particles will "cold flow" or stick together after the passage of time, thus 
making it impossible to place the PAO in the hydrocarbon where drag is to be 
reduced., in a form of suitable, surface area, and. thus particle size, that will dissolve 
or otherwise mix with the hydrocarbon in an efficient manner. Further, the grinding 
process or mechanical work employed in size reduction tends to degrade the poly- 
mer, thereby reducing the drag reduction efficiency of the polymer. 

[0003] One common solution to preventing cold flow is to coat the ground polymer 
particles with an anti-agglomerating or partitioning agent. Cryogenic grinding of the 
polymers to produce the particles prior to or simultaneously with coating with an 
anti-agglomerating agent has also been used. However, some powdered or par- 
ticulate DRA slurries require special equipment for preparation, storage and injec- 
tion into a conduit to ensure that the DRA is completely dissolved in the hydrocar- 
bon stream. The formulation science that provides a dispersion of suitable stability 
such that it will remain in a pumpable form necessitates this special equipment. 

[0004] Gel or solution DRAs (those, polymers essentially being in a viscous solu- 
tion with hydrocarbon solvent) have also been tried in the past. However, these 
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drag reducing gels also demand specialized injection equipment, as well as pres- 
surized .delivery-systems. The gels, or the solution. DRAs.are.stable.and.haye a. 
defined set of conditions that have to be met by mechanical equipment to pump 
them, including, but not necessarily limited to viscosity, vapor pressure, undesirable 
degradation due to shear, etc. The gel or solution DRAs are also limited to about 
10% polymer as. a maximum concentration in a carrier fluid due to the high solution 
viscosity of these DRAs. Thus, transportation costs of present DRAs are consider- 
able, since up to about 90% of the volume being transported and handled is inert 
material. 

[0005] U.S. Pat. No. 2, 879, 173. describes a. process .for. preparing. free,flowing. 
pellets of polychloroprene involving suspending drops of an aqueous dispersion of 
the polychloroprene in a volatile, water-immiscible organic liquid in which the poly- 
mer is insoluble at temperatures below -20°C until the drops are completely frozen 
and the polychloroprene coagulated, separating the frozen pellets from the sus- 
pending liquid, coating them while still frozen with from 5% to 20% of their dry 
weight of a powder which does not react with the polychloroprene under normal 
atmospheric conditions, and removing the water and any adhering organic liquid 
through vaporization by_warming.the pellets. 

[0006] A method for coating pellets of a normally sticky thermoplastic binder mate- 
rial by using a mixture of a minor proportion of a vinyl chloride/vinyl acetate copoly- 
mer and a major proportion of a chlorinated paraffin wax with powdered limestone 
or talc powder is described in U.S. Pat. No. 3,351,601. 

[0007] U.S. Pat. No. 3,528,841 describes the use of microfine polyolefin powders 
as parting agents to reduce the tackiness of polymer pellets, particularly vinyl ace- 
25 tate polymers and vinyl acetate copolymers. 

[0008]. Similarly, Canadian patent 675,522 involves a. process of comminuting, 
elastomeric material for the production of small particles that includes presenting a 
large piece of elastomeric material to a comminuting device, feeding powdered 
resinous polyolefin into the device, comminuting the elastomeric material in the 
presence.of. the. powdered, polyolefin. and. recovering, substantially free,flowjng. 
comminuted elastomeric material. 
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[0009] A process for reducing oxidative degradation and cold flow of polymer 
crumb by immersing, the.crumb. in a. nonrsolvent such.as.water and/or dusting, the. 
crumb with a powder such as calcium carbonate and 2,6-di-t-butylparacresol, 4,4'- 
methylene-bis-(2,6-di-t-butylphenol) or other antioxidants is discussed in U.S. Pat. 
5 No. 3,884,252. The patent also mentions a process for reducing fluid flow friction 
loss in pipeline transmission of a hydrocarbon fluid by providing a continuous 
source of the dissolved polymer. 

[0010] U.S. Pat. No. 4,016,894 discloses that drag in turbulent aqueous streams 
is reduced by a powder composition of a finely divided hygroscopic drag reducing 

10. powder, for example, polyethylene, oxide), and. a. colloidal size hydrophobic. powder, 
for example, an organo silicon modified colloidal silica, and an inert filler such as 
sodium sulfate. The powder composition is injected into the turbulent stream by first 
mixing the powder with water to form a slurry and immediately thereafter drawing 
the slurry through an eductor into a recycle stream between the downstream and 

1 5 upstream ends of a pump for the turbulent stream. 

[001 1] A polymer emulsification process comprising intimately dispersing a liqui- 
fied water insoluble polymer phase in an aqueous liquid medium phase containing 
at least one nonionic, anionic or cationic.oil-in-water functioning emulsifying, agent, 
in the presence of a compound selected from the group consisting of those hydro- 

20 carbons and hydrocarbyl alcohols, ethers, alcohol esters, amines, halides and car- 
boxylic acid esters which are inert, non-volatile, water insoluble, liquid and contain a 
terminal aliphatic hydrocarbyl group of at least about 8 carbon atoms, and mixtures 
thereof are described in U.S. Pat. No. 4,177,177. The resulting crude emulsion is 
subjected to the action of comminuting forces sufficient to enable the production of 

25 an aqueous emulsion containing polymer particles averaging less than about 0.5 
microns in. size. 

[0012] U.S. Pat. No. 4,263,926 provides a method and apparatus for maintaining 
polymer particles in readily recoverable, discrete form, and for injecting the particles 
into a pipeline hydrocarbon by disposing particulate polymer within a storage hop- 
30. per having a. cone.bottom and. an auger extending, upwardly fromthe.bottom. The 
auger is rotated to cause the polymer particles to revolve in the hopper, reversing 
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the rotation of the auger to pass polymer particles downwardly into a mixing cham- 
ber below, the hopper. The. particles pass through. a. rotary metering, valve, or option- 
ally, a bin activator, intermediate storage and rotary metering valve at the upper 
end of the chamber, simultaneously spraying a liquid such as oil or water tangen- 
5 tially in the chamber optionally agitating the chamber and removing a slurry of par- 
ticulate polymer and liquid from the chamber and injecting the siurry into a pipeline 
hydrocarbon. 

[0013] A technique for extremely rapid dissolution or dispersion on essentially the 
molecular level, of certain polymeric materials in compatible liquid vehicles is 

10 described.in U.S. Pat. No. 4,340,076. The polyjneric/naterials^re.comminuted.at 
cryogenic temperatures and are then introduced into a liquid vehicle preferably 
while still at or near cryogenic temperatures. At low concentrations, the resulting 
blend or system displays reduced friction to flow while high concentrations may be 
used to immobilize the liquid vehicle and/or reduce its vapor pressure. 

1 5 [0014] From reviewing the many foregoing prior patents it can be appreciated that 
considerable resources have been spent on both chemical and physical techniques 
for easily and effectively delivering drag reducing agents to the fluid that will have 
its drag or friction reduced. Yet none of these prior methods has proven entirely 
satisfactory. Thus, it would be desirable if a drag reducing agent could be devel- 

20 oped which rapidly dissolves in the flowing hydrocarbon (or other fluid), which could 
minimize or eliminate the need for special equipment for preparation and incorpora- 
tion into the hydrocarbon, and which could be formulated to contain greater than 
10% polymer. It would also be desirable to have a process for producing particulate 
drag reducing agents that did not require cryogenic grinding in its preparation 

25 and/or only grinding under ambient temperature conditions. 

[001 5] Another important consideration in the production of polymeric drag reduc- 
ing agents is the achieving of high conversions in the polymerization reaction, 
which are defined herein as generally on the order of at least 90%. High conversion 
makes the best use of the monomer and catalysts and achieves a high molecular 

30 weight polymer product. The high molecular weight polymer product helps mitigate 
subsequent degradation of the polymer product through size reduction, such as 
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granulation or grinding, as well as through shear when the DRA product passes 
through pumps in the course of injecting it into a flowing hydrocarbon fluid or 
through a pipeline. Conventionally, high conversions and high molecular weights of 
DRA polyolefins are achieved by bulk or neat polymerizations conducted in batch 
reactions. However, it is well known in the art of polymerization science that the 
most efficient method of producing polymers en masse is through the methods of 
continuous polymerization processes. Thus, the preferred production processes of 
high volumes of DRA product are continuous processes. Some prior efforts at the 
continuous production of DRA product by employing bulk polymerization methods 
have been explored but have not proven entirely satisfactory either. One innovative 
approach is to conduct bulk polymerization at high conversion in a microcapsule 
described in U.S. Pat. Nos. 6,126,872 and 6,160,036, both of which are incorpo- 
rated by reference herein. 

[0016] It would thus be additionally advantageous if a continuous process existed 
for producing DRA polymer product at high conversions and molecular weight, yet 
in a form that was easily deliverable to a flowing hydrocarbon stream. 



Summary of the Invention 

[0017] An object of the invention is to provide a process for producing a polymer 
20 drag reducing agent continuously at high conversion and high molecular weight. 

[0018] Other objects of the invention include providing a polymer DRA of suitable 

small particle size and adequate surface area (for quick dissolution and dissipation 

in a flowing stream) that can be readily and continuously manufactured and that 

does not require cryogenic temperatures to be produced. 
25 [0019] Another object of the invention is to continuously produce a polymer DRA 

at high conversion and high molecular weight that may be easily integrated into a 

process for producing a particulate or slurry DRA product. 
[0020] In carrying put these and other objects of the invention, there is provided, 

in one form, a method for producing a polymer drag reducing agent that involves 
30 first mixing a monomer and a catalyst in at least one continuously stirred tank 

reactor (CSTR) to form a mixture. The mixture is then continuously injected into a 
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volume that is continuously formed by a thermoplastic material. The thermoplastic 
material is periodically sealed off into a temporary container. Next, the monomer is 
permitted to polymerize under conditions of controlled temperature and inert atmos- 
phere in the temporary container to form polymer. The resultant polymer and the 
temporary container are then ground, the latter typically removed by mechanical 
steps, to produce particulate polymer drag reducing agent. The particulate polymer 
drag reducing agent may then be combined with a dispersing fluid, such as to form 
a slurry or dispersion product. 

Detailed Description of the Invention 
[0021] The invention involves the application of a continuous polymerization 
method in combination with non-cryogenic grinding or size reduction methods to 
produce polymeric drag reducing agents in a finely divided particulate form. More 
particularly, the continuous polymerization method involves a "form, fill and seal" 
packaging process, and the final formulation of dispersed polymer does not contain 
the traditional aqueous or glycolic, polar dispersing medium, but rather a mixture of 
hydrocarbons more compatible with and "friendly" to dissolution in pipeline compo- 
nents, e.g. a flowing hydrocarbon stream. 

[0022] The polymerization apparatus may be composed of at least one or a series 
of continuous stirred tank reactors (CSTRs) where raw materials (e.g. monomers 
and catalysts) are continuously charged, allowed an appropriate dwell or residence 
time in the reactor system, such that an adequate molecular weight or viscosity is 
obtained, and subsequently discharged in a continuous fashion to a "form, fill and 
seal" packaging device. 

[0023] It is the nature of the "form, fill and seal" apparatus to utilize a continuous 
sheet of thermo-formable or thermoplastic material to fabricate a container of some 
set or predetermined dimensions, perform the filling of said container by volumetric 
injection, and lastly seal the container such that a self-contained bag or temporary 
container of material (in this case, catalysts and activated monomer), is periodically 
or regularly captured in a continuous process. 
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[0024] In the "form, fill and seal" packaging device", the "living" polymer, having 
achieved a suitable viscosity and/or molecular weight in the CSTR, is discharged 
into continuously formed volumes formed by the thermoplastic material, in one non- 
limitmg embodiment, continuously formed low density polyethylene bags, thermally 
5 sealed, and discharged to a collection point. The polyethylene bags, having been 
filled with the catalyst and activated monomer mixture within an inert atmosphere 
now serve as temporary and isolated reactor vessels or polymerization sites These 
temporary containers or reactor vessels are collected and kept again in the pres- 
ence of an inert atmosphere, since the thermoplastic material is generally not 

1 0 designed to prevent the diffusion of contaminants such as oxygen, and allowed to 
polymerize to high conversion, e.g. at least 90% in one non-limiting embodiment. In 
another non-limiting embodiment of the invention, "high conversion" is considered 
to be at least 70%, dependent upon the amount of yield or rather the plasticized 
monomer one wishes to incorporate in an effort to affect the overall dissolution of 

1 5 polymer particles. The completed polymer is subsequently collected for grinding via 
ambient conditions. 

[0025] The nature of the grinding process is such that a unique grinding aid ren- 
ders a granulated polyolefin polymer into a ground state of fine particles of 600 
microns or less at ambient conditions, in one non-limiting embodiment of the inven- 
20 tion. This size reduction process may involve the use of an attrition mill, such as a 
Pallmann Pulverizer, in combination with a grinding aid or agent of suitable hard- 
ness in that shearing and surface blocking properties are imparted into the grinding 
chamber such that particle agglomeration and gel ball formation of soft polyolefins 
is prevented. 

25 [0026] In one non-limiting embodiment, the grinding aid may be a microcrystalline 
component, such as a microcrystalline polymer or copolymer. These solid grinding 
aids may be products such as MICROTHENE® ethylene-co-butylene crystalline 
powders available from Equistar. It has been discovered that other, more traditional 
gnnding aids such as calcium stearate or ethylene-bis-stearamide are too soft and 

30 inadequate in preventing agglomeration of polymer in the grinding chamber. It is 
important that the solid grinding aid impart the required shearing action in the 
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grinding or pulverizing chamber in order to achieve the small polymer particles of 
600 microns or less. 

[0027] Another important portion of the invention is the formulation of the finely 
ground, polymer drag reducing agents into suitable dispersing fluids such that the 
5 agent may be delivered in accurate concentrations into a pipeline, and at the same 
time, avoid the traditional unstable dispersive mixtures of the past. The literature is 
filled with examples of slurries of drag reducing agents being composed of a variety 
of mixtures, more commonly those of water and glycol mixtures, which tend to 
invariably suffer from cold flow problems. 
1 0 [0028] The present invention avoids cold flow problems by providing for a unique 
slurry or non-solvent mixture based on a combination of several hydrocarbon fluids 
in combination with one of those components having a melting point above two 
other fluids in the mixture. It has been found that the DRAs of this invention, once 
ground to 600 microns or smaller, may be dispersed in a hydrocarbon mixture com- 
1 5 posed, in one non-limiting embodiment of 25% polymer, 22.5% butyl cellosolve, 
22.5% hexanol, and 40% mineral oil such as a Penreco petrolatum (Penreco 
Ultima, melting point 130-135 °F; 54-57°C). These components are added together 
above the melting point of the petrolatum (in one non-limiting embodiment, 140°F; 
60°C), and upon cooling, the stable mixture formed exists as a thick slurry that may 
20 be pumped quite freely with traditional methods and equipment. The petrolatum, 
once congealed, acts as a flow or stabilizing aid for the particulate system. 
[0029] The invention will now be further discussed in more particular detail. Gen- 
erally, the polymer that is processed in the method of this invention may be any 
conventional or well known polymeric drag reducing agent (DRA) including, but not 
25 necessarily limited to, poly(alpha-olefin), polychloroprene, vinyl acetate polymers 
and copolymers, poly(alkylene oxide) (PAO), and mixtures thereof and the like. In 
one embodiment of the invention, the monomer is any monomer which, when 
polymerized, forms a polymer suitable for use as a drag reducing agent (DRA). 
Such monomers are well known in the art and include, but are not necessarily lim- 
30 ited to, alpha-olefins, such as 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetra- 
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decene, and the like; isobutylene; alkyl acrylates; alkylmethacrylates; alkyl styrene; 
and the like. Copolymers of these monomers may also make suitable drag reducing 
agents. 

[0030] Polyalpha-olefins, which in one non-limiting embodiment are preferred 
5 herein, are polymerized from the monomers or comonomers by conventional tech- 
niques and will have molecular weights above 10 million. Polyalpha-olefins particu- 
larly suitable for the processes and compositions of this invention include the FLO® 
family of PAO DRAs, including FLO® 1004, FLO® 1005, FLO® 1008, FLO® 1010, 
FLO® 1012, FLO® 1020 and FLO® 1022 DRAs sold by Baker Pipeline Products, a 
1 0 division of Baker Petrolite Corporation. These DRAs are used for hydrocarbon 
streams. 

[0031] The polymerization of certain monomers may be conducted by the inclu- 
sion of a catalyst into the monomer during or prior to inclusion of the monomer in at 
least one CSTR, in a non-limiting example. Any known suitable catalyst and/or co- 

1 5 catalyst may be used for the method of this invention as long as they sufficiently 
catalyze the reaction to a sufficient extent to meet the objectives of inventive 
method. Metallocenes are useful catalysts for polymerizing some monomers. In the 
case of alpha-olefins, polymerization may be conducted by the inclusion of a mix- 
ture of Ziegler-Natta catalyst and co-catalyst(s) into the monomer. Catalysts for the 

20 polymerization of alpha-olefins include, but are not necessarily limited to, powdered 
catalyst TiClaAA (aluminum activated titanium trichloride); co-catalyst(s), diethyl- 
aluminum chloride (DEAC), and diethylaluminum ethoxide (DEALE); TEAL (triethyl 
aluminum chloride), tri-methyl aluminum, tri-isobutyl aluminum, MAO (methylalumi- 
noxane) and the like. Of course, it will be necessary to match the co-catalyst with 

25 the main catalyst, so that the catalytic activity of the main catalyst is triggered only 
by the presence of a particular co-catalyst or class thereof. All components (mono- 
mer, catalyst, and co-catalyst(s)) required for the monomer to convert to high poly- 
mer can be brought together in various different ways that are not necessarily criti- 
cal to the invention herein. In one non-limiting embodiment of the invention, it may 

30 be necessary or desirable to use a series of CSTRs prior to injection of the live or 
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catalyst-activated polymer mixture into the volume surrounded by the continuously 
formed thermoplastic material. 

[0032] Care must be taken to avoid poisons for particular catalysts or polymeriza- 
tions. For example, if Ziegler-Natta catalysts are used to polymerize a-olefins the 
presence of oxygen must be avoided since it deactivates both anionic and oationic 
catalyst systems. Water, in any quantities other than minute molecular quantities 
is also a pcson. As previously mentioned, the use of low density polyethylene as ' 
the thermoplastic material that is continuously formed to provide the bags or con- 
tamers for the monomer/catalyst mixture does not prevent the diffusion of gaseous 
contammants such as oxygen through the material to poison the catalyst. Thus the 
temporary containers package (also referred to as bags, pouches, tubes etc ) ' 
should be placed into an inert envirenment, such as a box, vault or room containing 
an ,nert gas or fluid. Other suitable thermo-formable materials besides low density 
PE mclude, but are not necessarily limited to. polypropylene, polyvinyiidene chlo- 
15 nde, polyvinyl chloride, and combinations thereof. 

t0033] in one non-limiting embodiment of the invention, the temporary containers 
are placed ,n a tank or reservoir that has an inert gas or a circulating liquid bath 
where the liquid is inert to the bag barrier film and also assists in channeling the 
heat resulting from the polymerization away from the temporary containers to 
thereby ass,st in the high conversion of the monomer. Suitable heat transfer fluids 
mclude, but are not necessarily limited to, glycols such as ethylene glycol propyl- 
ene glycol, etc.; mixtures of glycols with water; ISOPAR™ L isoparaffin avaj|able 
from ExxonMobil Chemical, kerosene, and the like. In one non-limiting embodiment 
of the mvention, the temporary containers are placed in a larger, refrigerated box or 
contamer or •reefer- where the refrigeration also assists in removing the heat of 
polymerization from the reaction. 

[0034] Certain monomers may be polymerized by the use of UV radiation to initi- 
ate reaction in place of or in addition to the use of catalysts and/or co-catalysts In 
such a system, the thermoplastic material would have to be transparent to the fre- 
quency of the radiation necessary to initiate or encourage polymerization of the 
monomer in the temporary container. 
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[0035] A particular advantage of the technique of this invention is that the polym- 
erization may be conducted entirely within the bag or temporary container under 
relatively small-scale bulk polymerization conditions in the absence of a solvent, or 
in the presence of only a relatively small amount of solvent. Conventionally, pro- 
5 duction of the very high molecular weight polymers useful as DRAs necessarily is 
done at high dilutions in a suitable solvent. Removal of large amounts of solvent 
thus becomes an issue, since transportation of large amounts of ineffective solvent 
to the site of drag reduction is an unnecessary expense. However, in the inventive 
continuous process, very little or no solvent is required, and the polymerization 
1 0 reaction may be conducted within the temporary container by conventional tech- 
niques. Very high molecular weight DRAs may be produced, for example on the 
order of 1 0 million weight average molecular weight or more. If solvent is used, the 
solvent proportion is at most only about 0.5 weight percent of the total mixture of 
monomer and catalyst, preferably at most only about 1.0%. Suitable solvents for 
the polymerization of alpha-olefins include, but are not necessarily limited to, kero- 
sene, paraffinic Isopar solvents, isopentane, and the like. 
[0036] The sealing of the thermoplastic material around the mixture of monomer 
and catalyst to form the temporary containers (small scale bulk reactors) would 
generally occur periodically and regularly since the process is continuous and the 
form, fill and seal apparatus is automatic. However, it is not necessary that the 
temporary containers be uniform in size and shape. As might be expected, the tem- 
porary containers will be generally tubular in shape and have a circular cross-sec- 
tion, however, this shape is generally a function of the commercially available form, 
fill and seal machinery and is not critical to the practice of the invention. The length 
of the temporary containers may be practically limited by the dimensions of the 
vault, reservoir, bath or reefer where they reside while the monomer is permitted to 
complete reaction to form the polymer. 

[0037] Sealing the thermoplastic material is more directly dictated by whether the 
monomer mixture has reached a predetermined viscosity so as to permit effective 
cutting off of the mixture and sealing into the bags or temporary containers. This 
viscosity should be sufficiently high to permit the form, fill and seal machinery to 
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operate without troublesome leaks or excess mixture fouling the equipment or 
process. In one non-limiting embodiment of the invention the viscosity of the mix- 
ture should reach at least 100 cP, and preferably at least 500 cP. 
[0038] Alternatively, or in addition to the viscosity threshold discussed above it 
may be necessary or desirable for the still-reacting polymer ("living- polymer) to 
reach a certain minimum molecular weight before it is desirable to seal the tempo- 
rary containers or bags and transfer the containers or bags to an inert environment 
for continued reaction to completion. The predetermined or desired molecular 
we,ght is more likely to vary with the particular polymer involved, as contrasted with 
v.scos,ty, which may be an acceptable threshold for a variety of polymers In one 
non-l,m.t.ng embodiment for polyalpha-olefins, one molecular weight threshold to be 
reached may be about 1000 weight average molecular weight, preferably about 
5000. 

[0039] For the method of this invention, the polymeric DRA is preferably of suffi- 
cient structure (molecular weight) to exist as a neat solid which would lend itself to 
the pulverizing process, i.e. that of being sheared by mechanical forces to smaller 
parties. A DRA of a harder, solid nature (relatively higher glass transition tem- 
perature) than poly(alpha-olefin) would certainly work. A DRA of a relatively softer 
nature (lower glass transition temperature, more rubbery polymer) would be more 
difficult to pulverize by processes to be described. A DRA that exists as dissolved 
m solution (gel polymers) would have no applicability here, of course. 
[0040] A process has been discovered by which attrition mill pulverizing technol- 
ogy can be utilized in combination with unique grinding aids to render a granulated 
polyolefin polymer into a ground state of fine particles of 600 microns or less at 
non-cryogenic conditions. The process preferably involves the introduction of 
organic solid grinding aid into the grinding chamber such that particle agglomeration 
and gel ball formation of soft polyolefins is minimized or prevented. The solid grind- 
ing aid ,s also required to provide the shearing action necessary in the grinding or 
pulverizing chamber to achieve the small polymer particles of about 600 microns or 
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[0041] m one non-limiting embodiment of this invention, the grinding for producing 
particulate polymer drag reducing agent is conducted at non-cryogenic tempera- 
tures. For the purposes of this invention, cryogenic temperature is defined as the 
glass transition temperature (T g ) of the particular polymer having its size reduced or 
being ground, or below that temperature. It will be appreciated that T g will vary with 
the specific polymer being ground. Typically, T g ranges between about -10°C and 
about -100°C (about 14°F and about -148°F), in one non-limiting embodiment. In 
another non-limiting embodiment of the invention, the grinding for producing par- 
ticulate polymer drag reducing agent is conducted at ambient temperature. For the 
purposes of this invention, ambient temperature conditions are defined as between 
about 20-25'C (about 68-77°F). In another non-limiting embodiment of the inven- 
tion, ambient temperature is defined as the temperature at which grinding occurs 
without any added cooling. Because heat is generated in the grinding process, 
"ambient temperature" may in some contexts mean a temperature greater than 
about 20-25°C (about 68-77'F) - a typical range for the term "ambient tempera- 
ture". In still another non-limiting embodiment of the invention, the grinding to pro- 
duce particulate polymer drag reducing agent is conducted at a chilled temperature 
that is less than ambient temperature, but that is greater than cryogenic tempera- 
ture for the specific polymer being ground. A preferred chilled temperature may 
range from about -7 to about 2°C (about 20 to about 35°F). 
[0042] Poly(alpha-oiefin) is a preferred polymer in one non-limiting embodiment of 
the invention. As noted, poly(alpha-olefins) (PAOs) are useful to reduce drag and 
friction losses in flowing hydrocarbon pipelines and conduits. In one not limiting 
embodiment of the invention, the polymer, together with the thermoplastic material 
on the boundary of the temporary container may have its size reduced in one step, 
or may have its size reduced in multiple steps or stages. For instance, the polymer 
may be granulated, that is, broken up or otherwise fragmented into granules in the 
range of about 6 mm to about 20 mm, preferably from about 8 mm to about 12 mm. 
It is permissible for the granulated polymer to have an anti-agglomeration agent 
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thereon. Such agglomeration agents include, but are not necessarily limited to talc 
alumma, calcium stearate, ethylene bis-stearamide and mixtures thereof 

[0043] Within the context of this invention, the tarn, -granulate" refers to any si Z e 
reduohon process that produces a product that is relatively laroerthan that pro- 
5 duced by grinding. Further within the context of this invention, "grinding- refera to a 
■» reduction process that gives a product relatively smaller than that produced by 
granulation". -Grinding- may refer to any milling, pulverization, attrition, or other 

s,ze reduction that results in particulate polymer drag reducing agents of the size 

and type that are the goal of the invention. 
10 [0044] While grinding mills, particularly attrition mills such as Pallmann attrition 

nulls, Munson centrifugal impact mills. Palmer mechanical reclamation mills etc 

may be used in various non-limiting embodiments of the invention, other grinding 

machmes may be used in the method of this invention as long as the stated goals 

are achieved. 

15 [0045] The solid organic grinding aid may be any finely divided particulate or pow- 
der that inhibits, discourages or prevents particle agglomeration and/or gel ball for- 
mat,on during grinding. The solid organic grinding aid may also function to provide 
the sheanng action necessary in the pulverizing or grinding step to achieve polymer 
part,cles of the desired size. The solid organic grinding aid itself has a particle size 
wh.ch ,n one non-limiting embodiment of the invention ranges from about 1 to about 
50 rmcrons, preferably from about 10 to about 50 microns. Suitable solid organic 
gnndmg aids include, but are not necessarily limited to, ethene/butene copolymer 
(such as MICROTHENE®, available from Equistar, Houston), paraffin waxes (such 
as those produced by Baker Petrolite), solid, high molecular weight alcohols (such 
25 as Unilin alcohols (C12-C60) available from Baker Petrolite ,, and any non-metal- 
He, mm compounds composed of C and H, and optionally N and/orS which can be 
prepared in particle sizes of 10-50 microns suitable for this process, and mixtures 
thereof. As previously mentioned, some traditional grinding aids such as talc cal- 
cum stearate, ethylene-bis-stearamide were discovered to be ineffective as solid 
30 orgamc grinding aids. In one particular, non-limiting embodiment, the solid organic 
grinding aid of this invention has an absence of fatty acid waxes 
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* ^ man Z T ' ***"' h6rein ' inS,an0e ' in ° ne "»**Q «n- 

o ma of the .nvention, a granulated polymer is fad into the grinding ohamber a, 

irr 100 ,o about 300 ,bs/hr <4s - 136 ^ « *• «« «** 

gnn ,ng a,d ,s fad a. a rata of from abou, 10 ,o abou, 90 Ib/hr (4.5-41 kg/hr) Pre , 

ab y, a granulated polymar is fed into the grinding chambar a, a rate of fr m Jou, 
200 to about 300 Ib/hr (91-136 ko/hrt=n rf .h. ,., 

nf fc k ° 6 S0 " Cl ° rganic 9rindin 9 aid is fed at a 

ate o, from about 10 to about 30 ,b/hr ,4.5-14 kg /hr). As noted, a„ of tha oompo- 

nants may ba fed simultaneously to the grinding ohambar. Alternative* the d 
Ponan ts be mixed ^ ^ (q ^ ^ ^ ^ ^ * com 

another non-l,mi,ing embodiment of the invention, the oomponents are added 
saquen , a ,, in n0 partjcu|ar ^ ^ 

zed , n a Pallmann PKM mode, and 5000 rpm utilized in a Universal mil, we re found 
o be aooeptable in speoif,o, non-limiting embodiments of the invention 
[0047] m one non-limiting embodiment of the invention, it is expaotad that the 
processes desaibed herein wil, produoe particulate polymery reducing agent 
product where the average parlicle size is less than abou, 600 m Ions p efeTb I 

less, 1 00 wt percan, of the particles have a size of 500 microns or less, and most 
Mr 61 .2 wt.% of the particles have a size of 297 microns or less.in noZ 

LtTT aChieVaWe diS ' ribU,i0n iS Sh0W " h Tabte 1 ^ * PKM- 
600 mode, gnnder; a series of Cher particle distributions vs. tha screen size is dis- 
played ,n Table II with the Universal Mill. 
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TABLE I 

jfc2a ^^ed Screen Mesh Size 



500 
297 
210 
178 
150 
pan 



35 
50 
70 
80 
100 
pan 



Percent 
38.8 g 
55.7 g 
4.1 g 
0.4 g 
0.4 g 
0.6 g 



TABLE II 

aa^W 35^^ 30^^ aoJteHS^ 



800 
700 
600 

500 4 
400 

200 35 32 

100 



11 

35 27 



14/7 16/12 



17 

18 

20 

24 

11/8 



, 9 emb ° diment ° f ,he inVen,i0n ' **« •» grinding stage 

port on of the temporary oontainer are removed from the grinding (and/or granule 

girr ss indudina but not necessari,y ,imited * ~- 

10049] One useful device that has been utilized to remove bag material is the 
•mul, aspirator- produced by Kice Industries. A suooessfu, seplrat o £ 
granulated polymer (C6/C12 bulK polymer, and PE sheeting was perfonle 1 Kice 
ndustries fa«es in Wichita, KS. The tria, was conducted on a Z 
pmor urn, util^ng consecutive incased air volumes, combined with a s« 

de-,on, a ng bar, to essentially remove a,, o, the f ree PE sheet m*ed with the 
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granulated polymer. Once ideal conditions were determined for separation, a drum 
of the granulated was run through the "multi-aspirator for further testing. 
[0050] If a suitable thermoplastic or thermo-formable material is selected for the 
form, fill and seal process, then it is permissible or acceptable for small quantities of 
5 this material to be retained with the polymer product. In one non-limiting embodi- 
ment of the invention, approximately 0.05 wt.% or less of the thermoplastic mate- 
nal, and approximately 35 wt.% or less of the grinding aid may be permitted in the 
resultant particulate polymer drag reducing agent. However, residual bag material 
is typ.cally filtered out by Sweko filtration prior to material going to the field. 

10 [0051] In one preferred embodiment of the invention, the finely ground, drag 

reducing agents are dispersed in a suitable fluid as previously mentioned. The dis- 
persing fluid is preferably a mixture of at least two hydrocarbon fluids, where a first 
fluid has a melting point above the melting point of a second fluid. In another pre- 
ferred embodiment of the invention, the dispersing fluid includes at least three 

1 5 hydrocarbon fluids, where one of the fluids has a melting point above the melting 
points of the other two fluids. 

[0052] In the case where two components are used in the dispersing fluid, the first 
flu.d may range from about 30 wt% to about 35 wt% of the total dispersing fluid, and 
the second fluid may range from about 40 wt% to about 45 wt% of the total dis- 
persing fluid. In the case where the dispersing fluid is composed of at least three 
components, the first fluid may range from about 30 wt% to about 35 wt% of the 
total dispersing fluid, and the combined proportion of the other two component flu- 
ids (or multiple components) may range from about 40 wt% to about 45 wt% of the 
total dispersing fluid. 

25 [0053] In one non-limiting embodiment of the invention, from about 25 to about 30 
weight % of the total slurry is the polymer DRA of the invention, preferably from 
about 28 to about 32 weight % of the total slurry. 

[0054] It is critical when dispersing the polymer into a fluid mixture containing an 
ambient solid petroleum compound, that the fluid mixture be heated above the 
melting point of the petroleum oil. Once mixed and allowed to cool, moderate agita- 
tion ,s utilized to render a flowable mixture. (There is no particular or critical method 
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10 



rzT ^ 9 ,he 9round dra im ° *• - 

long as the slurry ,s mixed or combined to be uniform.) A surprising feature of the 
drsperang fluid aspect of the invention is that no additional emulsifiers. dispersants 

T T enin9 a9ents are required to keep ,he 

DRA stable ,n the sluny, as is often the case with prior DRA slurries 
[0055] ,« is expected that the resulting particulate polymer DRAs can be easiiy 
transported without the need for including appreciable amounts of an inert soil, 
and ^ the palate polymer DRAs can be readily inserted into and incorporated 
2" «°w,ng Hydrocarbon, and possibly some oiMn-water emulsions or vlr-in- 

2 ZT 7 aPPr0Priate - ProdUC,S ^ by ,he ProC6SS ° f •* 
flow read y under moderate pressure or pumping and contain a relatively high per- 

ZZLTT* 70 " 80% 0,ac,ive polymer Furthemore ' is - - 

any need to add an additional anti-agglomeration aid or partitioning agent to the 
DRA after „ is ground to its desirable size. After the polymer is ground, a concen- 
rated mixture of 70-80% polymer mbced with grinding aid results. Once the polymer 
Placed ,n the dispersing fluids, the amount of polymer averages about 25-30%! 
the dispersive mixture. 

Tl J 116 inVen,i ° n "* b6 deSCribed «* to W exam- 

20 C " Pr0Vlded ° n ' y 10 fUrth6r illUS,ra,e ^ inVenB ° n TOt « « in ■» 



EXAMPLF 1 

Polvmeriyatinn 
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POST] An upgraded pilot operation fbrthe producflon of neat or bulk polymer 
usng a 30-liter Buss reactor included three areas of acflvity. They encompass a, 
least (a) a polymerization operation comprised of a half gallon (1.9 liter) CSTR ves- 
sel, the accompanying Buss reactor and associated monomer/catalysts pumps and 
.eve bed systems, (b) a packaging operation, i.e. a -form, fl„, and 
machine w„h an enclosure as assembled by J&J Manufacturing, and (c) a recover 
operate whereby 16-inch long (41-cm) po ly ^„ 8 bags raied with a ^ 



18 



19 



10 



15 



20 



25 



30 



TLi^r ? m r iza,ion appara,us *- °° mposed «*> cstrs («**■ 

ous st,rred tank reactors) whereby raw materials (monomers and catalysts, were 

1 ~; ,tr r wed an appropna,e dwe " ° r '—«• - * - ~ 

1,1 h 3 " qUate m ° te0U,ar Wei9M ° r ^ * - sub- 

sequently d,scha,ged in continuous fashion to the form, f»l, and sea, packaging 

= us. ,n the pac k a 9 in g apparatus, the -living- polymer (having SZl 

suable vrsoosrty) ,s discharged into low density polyethylene bags, the bags being 

va ed polymer mixture (flowing from the CSTR, thermally sealed, and discharged 

ated T' 0 " P °' nt P °' ye%lene ^ haVi " 9 bee " « * i 
«M monomer m,xtu re and now serving as isolated reactor vessels or pllymenza- 

s Z ^ ^ " ^ PreS6nCe ° f a " inert *««*"• (^ce the 
bags are not designed to prevent the diffusion of contaminants such as oxygen) 

a-lowed to polymerize to high conversion (approximately 90%), and the poZ ' 
subsequently collected for grinding. V 

t0 CS 5 T 9 R wTer?d d ^ ^ """^ ** *" <° «* «- 

CSTR, where adequate mixing took piace, phor to the fluids entering the Buss 

Z ^ reSid6nCe " P ° ,yrneri2a,i0n " me * °™ ^'0, Dur- 
«Q tm. - the Buss reactor, suitable viscosity was reached such that catalyst parti- 

cles were actually suspended in the polymerizing mixture. Within 10-15 minutest 

™x,ng ,n the Buss reactor, the slightly viscous polymer mixtu* was pumped 

oonunuous fashion into the charge line leading to the collection hopper atop the 

form, ,,, sear apparatus. Thus, the hopper served as the flnal reservoir as the 

product was fed into the volumethc cha^e system on the packaging device in 

essence, charging 1 lb (0.45 kg) of product into a polyethylene formed bag every 30 

econds. ,n subsequent fashion, the fliled bags were collected and placed inZ 

n'trogen purged, refrigeration boxes and left to polymerize for 24 hours Duri^the 

tone ,n he polymerization box, the polymer reached an estimated 55-65% Ids 

Upon retneva, from the cold boxes, the polymer bags containing neat polymer were 
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:: P rr in ,his ,ime (which is a,so a • ° f - 

5 

Form. Fill *nn sggj fFr s) p,^ ,^ 

uosures tor electrical equipment. The enclosure was retro fitted 

n, « Z'egler-Natta polymerization of polyolefins can dp 

rnrum , ° r SUCCess as we,! as safety. 

irr; n wi,h a 3 - way va,ve ° n ,he *■«• — *- -cor z 

cou.d be averted «o a ejection a rea « neoessa^. The same pathway ca TuB, 

30 T2 ? 7 Uring n ° mal 0Pera ' i0nS ° f *" Polyethylene (PE, 

shee„n 9 (7 , nche8(18 cm) , de) _ ^ ^ ^ g J£ *« (PE,^ 
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tur onl in, ° 3 3 in ° h (7 ' 6 OT) diameter ™e ~* 

7*^27 T bag were ,herma,,y sea,ed ' ,he »■ ~ *oo k 

ptece such that 1 pound (45 g, of activated monomer was delivered to the bag The 

kp ponion the bag. The bag subsequently dropped down into the catch or 
h.d,ng tube to awai, another Mn g cycle. The two gate valves arran^ h 

he ^ a "' 9ned "* Si9Ra,S aSS ° dated * - device d 

o 1Z tSLTT* ,hus ,he same openin9/c,osin9 ~ ~ - 

a" h am ', eVen ' Ua ' deP0Si " n9 ° f "* ^ ° U < ° f * -closure 

and a, the same „ me , ma|nlained ^ ^ 

***** , apparatus deposited 2 bags per minute or 2 lbs (908 g) of p ymer plr 

_ :::: r rirr ,he ~ — 1 20 * - - - - 

B ag Recoverv/P 0 lv m pn~, ; „.. c- , x/RMfor 

T 1 ;nr r ba9s were ^ from be, ° w - « ~ - 

he ate 0 2 bags per m.nute. Bags were collected for several minutes in a cold ice 

or the" , ni,,09en Pri ° r *° maki " 9 ,hS ~ ** <° - -frigeratLto 
h IT P ° The ^ meri -"°" •»« was mted with rubber glove 

serts. rop ,ube assemblies, as we,, as an array of baskets (60 per box and a 
rack system to facilitate the placement and storage of baas Catch , 
situated in the bottom ofthe boxes to catch any L^^oZZZ 
eatures discovered about the nea, or bulk FLO polymer is tha, leaks te^ o 

a the T " P ° ,ymeri2a,i0n Pr0CeedS in ,he ^ environmenToHhe 
bag, the v,scos„y .ncreases and actually seals off the area of leakage. Polymer I 

to. boxes were also purged with nitrogen and the temperature was se, at LT 

[0064] Bags were held in the cold polymerization boxes for a. least 24 hours as 
polymer conversion appnoached 55-65%. At such time the bags of 
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ITIT ,he boxes in, ° drums med ^ ni,ro9en ~. 

After .frogen spanng of the drums, ,hey were capped and again moved quickly to 

0Z0 vtlT conversions of 85 " 90% in ,he ^ (t7 - 4 - 4 ° c) 

ua 7 S COmP ' e,e ' PE ^ rem ° Ved ,he » in man- 

fash,on and ,he polymer moved ,o ,he granulating unit for size reduction. 

EXAMPI P ? — p eactinn ifiAA.,n 

TL r? ,0 inSta " a,i0 " °' f0fm ' * S6a ' device ' — 1644.137 
was run to demonstrate the feasibility/applicabilNy of conlinuously chafing ,he 
reactor system with monomer and calalysl. Thus, the materia, of his E am e was 

IT ove ? a reW9era,ion ta irto ,ay - flat ,ubin9 in — <° 

2 THT " '° ^ « ■** in this 

case . descnbed as a con.,nuous iength of low density polyethylene tubing (4 mils 

e n bl T reW9era,i ° n ,0 ,hS ■«■— ^a c a ge 

^ne and blown down wfth nitrogen to provide an inert atmosphere. Thus the Buss 
eactor was run for several hours a, an alpha-oleftn monomer charge rate!, 90 
bsVhour ,41 Kg/hr). with the polymer oulflow being fransferred into ,he y l ub . 
g upon each reactor lining cycle. This particular reaction was run a, what las 

z z zt. hi9h ,evei and ^ -»« 

aftl r t 24 h ° UrS * ,ime - the polymer 

after «he 24-hour reao«on cycle, the materia, was stored under nitrogen in the 
r^erafion trailer a, 35-37 F (1 .7- 2 . 8 ^, The flnal % drag Qr % ^ 
conversion was no. determined. ,n one non-limiflng embodimen, of me invention 
one goal ,s to achieve % drag reduction in ,he range of 60-55% a, 0. 25 P m 2e 
polymer ,n the hydrocarbon stream being freated. Resufts are shown in t! f 
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TABLE I 

Solids and Drag Reduction Achieved for Reaction Example 2 
Core Outer 

S S r R T on 

Lay-fla, Tubing* 57 . 9% ~ "^fff 4 lE]S£l9m 

* 52.8/48.3 24hrat18-25°F 

Lay-fla, Tubing #2 63.8% ^ 59^ 

• b^l'r EXamP,6S — ~ ~* » - —ere. that hoW . 

reac ,on. Thus, permitting th6 monomer „ p0|ymerj2e J ~ 

or tags ,n an ,ne rt , iq uid and/or inert environmen( > J^Z* 

10 r s t zrr ,ransfer and assis,ed in — 9 - 

was 60 wt* ,! k . Pr0PWene *«***' in 'he PG mixture 

^^rLtrr ta ,r cia,ed ,hat o,her rawos a - 

rnn«Ti r ble c,rculat,n 9 and heat transfer fluids 

r ue rouno in U.S. patent application Serial No 10/ 
filed herewith, incorporated by reference herein. 

. rn „ EXAMPI Fa. P eaoinn i fi ^. 1a , 

I0068J A successful "continuous bulk polymerization/bagging/capture" experiment 
was performed using similar conditions as in Exampie 2, ILT^ZT 

levels were .00 high. These catalysts levels were eventually reduced from a hioh Z 

lbs (68 kg) of bagged polymer was collected. Instead of stor- 
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g the captured bags in , under nitroge „ jn , ^ ^ 

o he7 t ** SUCh 35 ' S0Par L Ni,ro ^ -s bubb.ed 

hrough ,he drums of fluid «o achieve adequate mbdng and hea, dispersion. Con- 

5 soltds and 57% drag at 0.25 ppm polymer concentration. 

EXAMPt F 4 - Rear*™ 1R/M-1 B1 

ri^ C T?"' 5Sl,inU ° US DU,k ^erizaflorVbagging/capture" experiments 

10 Zm ^ inCTeaSeCl m ° n0mer ra,e8 ' ' hiS exampie, a 

^ ^^-^of^lbspi krtanhourcoupledwWian ppro- 
pnate ca.a, y s,co-ca tely s, concentration was utilized during the hour expel 
men.. Thus, the outflow from the Buss reactor was discharged to the form, All seal 
ev,ce where the bagging rate was adjusted to four bags per minute. Bags co, 
ected were stored in a basket fitted to 330 gallon (1.2 m') totes filled with cold 

1 5 Kerosene (26-F; -3°C) ; the totes were bubbled with nitnogen ,o improve heat trans- 

10070] The basket containing the bagged polymer was removed from the kera- 
sene tote afler 24 hours and transferred to a second tote in a refrigerated trailer 

20 IT T d t0te COn ' ained Pr0Pylene ^ hSW 3 « 38 ° F < 3 ° C >' Th * was 

eTe o ° ^ ~" Pr0C6SS for ~ *»• S « * * Pro- 

pylene glycol whereupon conversion was measured as 76% solids andthe drag 

efficiency measured as 53% at 0.25 ppm polymer concentration. 

EXAMPI F s 

25 [0071, A 250 gallon (0.95 m>) stainless stee, tote was fitted with side heaflng ele- 
ments such that the tote and contents could be heated to at least 140-F (60°C) 
The tote was subsequently charged with ,80 lbs (82 kg) hexanol and 180 lbs (82 
g) of buty. cellosolve. While the tote heated ovemighl, a drum of Penraco Ultima 
(melflng point 130-135-F, 54-57'C) was rendered into its moilen srate with an over- 

30 nigh, stay in ,he appropriate hot-box. Once Hie tote and its contents reached ,40'F 
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60 c ,he Penreco Ultima was retrieved from the hot-box and quiokly added to the 
ote w,,h s mng from a tightening mixer and re.iro.ia.ion utiliang an air pump. 

iTnTrh " UP T iXin9 ^ a " 0Wed ,0 0001 With moderate 

m,x,ng. The resultmg oomposition was a pasty slurry having a visoosity of 300-400 



[0072] Many modffioations may be made in the oomposition and prooess of this 
,ven„on without departing from the spirit and soope thereof tha, L died y in 

zzz: s :r For examp,e ' ,he exact na,ure ° f and ~ * ~ 

Z n ' ^ ar " C gnndi " 9 ,he ra ' e ° f production ' « he <** of the 

fon ofthed aPPara ' US and me,h0d ' ^ 9rindi " 9 *• exao, compost- 

on of the d,spers,ng fluid e ,o. may te ^ from those use£) ^ > 

prooess,ng teohniques may be developed to enable the components ,o be homo- 

.hvention Additionally, feed rates of the various oomponents are expeoted »o be 
op m, 2 ed for eaoh type of CSTR; form, m and seal apparatus; grinding equipment 
and for eaoh combination of partioular oomponents employed 
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